
Research Article                                                    Volume 01, Issue No. 02. 2025 
 

26 
The Medical Journal of Clinical Nutrition and Family Medicine 

 
Downloaded from The Medical Journal of Clinical Nutrition and Family Medicine 

Copyright © International Medical Journal Corp. Ltd. All rights reserved 

 
Low-Dose Iron and Early Development in Breastfed 

Infants 
1 Hanifa, 1 Sri 

1 Faculty of Medicine, Sebelas Maret University, Surakarta City, Central 

Java, Indonesia 

Correspondence : dr.hanifa983727@gmail.com 

Article History :  
Received date  : 2024/10/18 
Revised date  : 2024/11/25 
Accepted date  : 2024/12/17 
Published date  : 2025/01/08  

 
Copyright: © 2024 by the authors. 
Submitted for possible open access 
publication under the terms and 
conditions of the Creative 
Commons Attribution (BY NC) 
license 
(https://creativecommons.org/lice
nses/by-nc/4.0/).  
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

ABSTRACT 
Background: The literature on low-dose iron supplementation 
and its implications for early development in breastfed infants 
reveals a complex interplay between iron status, 
supplementation practices, and developmental outcomes. 
Literature Review: Further insights are provided by , who 
underscore the significance of maternal iron supplementation 
during lactation. Their randomized controlled trial highlights 
the long-term behavioral and developmental consequences of 
early iron deficiency, advocating for early interventions to 
mitigate risks associated with IDA in low-income settings. 
This aligns with the findings of (K. McCarthy et al., 2019), 
which indicate that long-term iron supplementation is more 
effective in improving iron status than short-term 
interventions, although concerns about iron overload remain 
inadequately addressed. In a critical exploration of excess iron 
supplementation, (A. McMillen et al., 2022) reveal that 
excessive iron can disrupt cognitive development and growth, 
emphasizing the need for careful calibration of iron dosages. 
The study illustrates that high doses of iron can lead to 
increased oxidative stress and inflammation, further 
complicating the narrative surrounding supplementation 
practices. Moreover, (Stelle et al., 2023) highlight a significant 
gap in addressing iron deficiency in infants under six months, 
particularly in low-resource settings. Their findings indicate 
that nearly all exclusively breastfed infants by five months 
have serum iron levels below the clinical reference range, 
raising concerns about existing policies that may overlook this 
vulnerable group. The authors also caution against potential 
negative impacts of iron supplementation on gut microbiota, 
which adds another layer of complexity to the discussion. 
Conclusions: In conclusion, the reviewed literature 
collectively underscores the need for a nuanced approach to 
iron supplementation in breastfed infants. While iron is 
essential for preventing IDA and promoting health, the timing, 
dosage, and broader context of infant health must be carefully 
considered to optimize developmental outcomes and avoid 
potential adverse effects. Further research is essential to clarify 
the relationships between iron supplementation, growth, 
neurodevelopment, and overall health in this vulnerable 
population. 
Keywords: Low-Dose Iron, Early Development, Breastfed 
Infants 
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INTRODUCTION 

The literature on low-dose iron supplementation and its implications for early 

development in breastfed infants reveals a complex interplay between iron status, 

supplementation practices, and developmental outcomes. The foundational work 

by (Long et al., 2012) establishes the critical role of iron as an essential 

micronutrient, particularly for low birth weight infants who are at heightened risk 

for iron deficiency anemia (IDA). Their systematic review indicates that while 

iron supplementation significantly improves hematologic markers of iron status, it 

does not correspondingly enhance growth or neurodevelopment, raising questions 

about the efficacy of such interventions in fostering overall developmental health. 

Expanding on this theme, highlight the vulnerability of infants under six months 

of age in low-income settings, emphasizing the impact of maternal iron 

supplementation during lactation on the iron status of exclusively breastfed 

infants. Their randomized controlled trial underscores the long-term behavioral 

and developmental consequences of early iron deficiency, suggesting that early 

interventions are critical for mitigating the risks associated with IDA. 

Following these explorations, (K. McCarthy et al., 2019) provide a systematic 

review that further elucidates the effects of iron supplementation in preterm and 

low birth weight infants. Their findings indicate that while long-term 

supplementation can effectively reduce the prevalence of iron deficiency and 

anemia, short-term interventions yield minimal benefits. This review raises 

important considerations regarding the potential adverse clinical outcomes 

associated with iron supplementation, particularly in vulnerable populations. 

In a more recent study, (A. McMillen et al., 2022) delve into the adverse effects of 

excess iron supplementation, revealing that iron provision beyond physiological 

requirements can disrupt cognitive development and growth. Their research 

indicates that excessive iron can exacerbate oxidative stress and dysregulate 

essential trace elements, further complicating the narrative around iron 

supplementation in early life. 
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Finally, (Stelle et al., 2023) address the critical gap in addressing iron deficiency 

in infants under six months of age, particularly in low-resource settings. They 

highlight the alarming statistic that nearly all exclusively breastfed infants by five 

months have serum iron levels below the clinical reference range. Their review 

suggests that existing policies may overlook this vulnerable age group, and they 

caution against the potential negative impacts of iron supplementation on gut 

microbiota and overall health outcomes. 

Collectively, these studies present a nuanced understanding of the implications of 
iron supplementation in breastfed infants, emphasizing the need for careful 
consideration of timing, dosage, and the broader context of infant health and 
development. 

LITERATURE REVIEW 

The article titled "Benefits of Iron supplementation for low birth weight infants: A 

systematic review" by (Long et al., 2012) provides a comprehensive examination 

of the role of iron supplementation in low birth weight infants, particularly 

focusing on their susceptibility to iron deficiency anemia (IDA). The authors 

highlight that iron is a critical micronutrient necessary for various cellular 

functions, emphasizing its importance in growth and development, especially for 

vulnerable populations such as low birth weight and premature infants. 

The systematic review synthesizes findings from multiple studies to assess the 

impact of iron supplementation on hematologic iron status, growth, and 

neurodevelopment in this demographic. The authors note that low birth weight 

infants are at a heightened risk for IDA due to several factors, including limited 

iron stores at birth and increased iron requirements. The article effectively 

outlines the physiological mechanisms that contribute to anemia in these infants, 

such as increased hemolysis and reduced red blood cell lifespan, which 

underscores the urgency of addressing iron deficiency in this population. 

Despite the clear rationale for iron supplementation, the review presents a critical 

evaluation of the existing literature, indicating that while iron supplementation 

does improve hematologic markers of iron status, it does not significantly enhance 
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growth or neurodevelopmental outcomes. This finding raises important questions 

about the efficacy of routine iron supplementation practices in low birth weight 

infants. The authors suggest that while iron supplementation is necessary to 

prevent IDA, its broader implications for growth and cognitive development 

require further investigation. 

The systematic review approach used by (Long et al., 2012) is methodologically 

sound, as it collates data from various studies to provide a holistic view of the 

topic. However, the authors acknowledge the limitations of the current body of 

research, particularly the lack of consensus on the long-term benefits of iron 

supplementation beyond hematologic improvements. This critical perspective 

invites further research to explore the nuanced effects of iron supplementation on 

neurodevelopmental outcomes, which remains a pivotal concern for the care of 

low birth weight infants. 

The article "Are Infants Less than 6 Months of Age a Neglected Group for 

Anemia Prevention in Low-Income Countries?" by provides a comprehensive 

examination of the implications of iron status in breastfed infants, particularly in 

low-income settings. The authors argue that the iron status of infants is critical for 

their overall health and development, and they highlight the significant issue of 

anemia among this vulnerable population. 

One of the key insights from the article is the relationship between maternal iron 

supplementation during lactation and the iron status of exclusively breast-fed 

infants. The authors present evidence that suggests maternal iron supplementation 

can positively influence the iron levels in infants, which is particularly pertinent 

given the high prevalence of iron deficiency in many low-income countries. This 

finding underscores the importance of maternal nutrition not just for the mother’s 

health but also for the developing infant. 

The article also discusses the effects of iron and zinc supplementation on the 

micronutrient status and growth of infants in Indonesia, revealing that targeted 

supplementation can lead to improvements in both hematological status and 
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growth metrics. This randomized placebo-controlled trial provides robust 

evidence supporting the benefits of micronutrient supplementation in early 

infancy, which is crucial for informing public health strategies aimed at reducing 

anemia and promoting healthy development. 

Moreover, the authors highlight long-term consequences associated with iron 

deficiency during infancy, indicating that poorer behavioral and developmental 

outcomes may persist well beyond the initial treatment period. This aspect of the 

research emphasizes the need for early intervention strategies to prevent iron 

deficiency anemia, as the ramifications of such deficiencies can extend into later 

childhood and beyond. 

The systematic review conducted by (K. McCarthy et al., 2019) provides a 

comprehensive examination of the effects of iron supplementation on health 

outcomes in preterm and low birth weight (LBW) infants. This review is 

significant as it consolidates existing evidence and offers insights into the nuanced 

relationship between iron supplementation and the health status of these 

vulnerable populations. 

One of the key findings of the review is the positive impact of long-term iron 

supplementation (1–2 mg/kg/d) on improving iron status, specifically through 

enhanced levels of ferritin and hemoglobin. The authors emphasize that 

supplementation lasting more than eight weeks yields substantial benefits, as 

opposed to short-term interventions, which appear to offer little to no advantage. 

This distinction is critical, as it suggests that healthcare providers should prioritize 

longer supplementation regimens to effectively combat iron deficiency and 

anemia in preterm and LBW infants. 

Moreover, the review highlights the importance of utilizing prevalence data to 

draw meaningful comparisons across various studies. By focusing on overall 

health outcomes rather than isolating individual indices, the authors argue for a 

more holistic understanding of iron deficiency in this population. This approach is 
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particularly relevant given the complex interplay of factors that contribute to the 

health of preterm and LBW infants. 

However, a notable limitation of the review is the lack of discussion surrounding 

iron overload, which is a pertinent concern for preterm infants who are at 

increased risk. Despite acknowledging that no studies reported on this issue, the 

omission raises questions about the comprehensive nature of the review. 

Understanding the potential risks associated with excessive iron intake is essential 

for developing safe supplementation guidelines. 

The article "Trace Element Interactions, Inflammatory Signaling, and Male Sex 

Implicated in Reduced Growth Following Excess Oral Iron Supplementation in 

Pre-Weanling Rats" by (A. McMillen et al., 2022) provides critical insights into 

the complexities surrounding iron supplementation in early development, 

particularly in the context of iron deficiency (ID) and its implications for 

cognitive growth in infants. 

The authors highlight that ID is a prevalent micronutrient deficiency affecting a 

significant number of infants, contributing to approximately half of all anemia 

cases. This underscores the importance of iron supplementation, as recommended 

by the American Academy of Pediatrics, to mitigate the risks associated with ID, 

including cognitive impairment and increased susceptibility to infections. 

However, the article raises a pertinent concern regarding the potential adverse 

effects of excess iron supplementation, particularly in iron-replete infants. The 

authors argue that while iron is essential, its provision must be carefully calibrated 

to avoid toxicity, as excessive amounts can lead to detrimental health outcomes. 

One of the significant contributions of this research is its exploration of the 

mechanisms through which excess iron can disrupt normal growth and 

neurodevelopment. The study employs a model using pre-weanling rats to 

evaluate the effects of various doses of ferrous sulfate (FS), a common form of 

iron used in infant formulas. The findings reveal that supplementation with 90 mg 

iron/kg body weight resulted in reduced growth, increased inflammation, and 
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decreased brain size, indicating that high doses of FS can adversely affect both 

physical and cognitive development. 

Moreover, the authors discuss the role of reactive oxygen species (ROS) in 

mediating the negative effects of excess iron. The formation of ROS is known to 

interfere with essential cellular processes necessary for normal organ 

development, which could explain the observed deficits in growth and cognitive 

function. Additionally, the dysregulation of cellular zinc and copper pools in 

response to high iron levels further complicates the nutritional landscape, 

suggesting that the interplay between these trace elements must be considered 

when assessing the impact of iron supplementation. 

The article also notes the inconsistencies in existing literature regarding the 

relationship between iron supplementation and developmental outcomes, which 

may stem from variations in iron form and dosage used across studies. This 

highlights a critical gap in current research and emphasizes the need for further 

investigation into the optimal dosing of iron supplements to balance the 

prevention of ID with the risks of toxicity. 

The article "Acknowledging the gap: a systematic review of micronutrient 

supplementation in infants under six months of age" by (Stelle et al., 2023) 

presents a critical examination of the iron status in exclusively breastfed infants, 

particularly those born in low-resource settings. The authors highlight a 

significant concern: by five months of age, approximately 95% of infants exhibit 

serum iron levels below the clinical reference range. This statistic underscores the 

urgent need for effective interventions to address iron deficiency (ID) in this 

vulnerable population. 

One of the key insights from the article is the timing of interventions. The authors 

argue that initiating iron supplementation or fortification too late may hinder its 

effectiveness in promoting early brain development, which is crucial during the 

first six months of life. This raises important questions about the optimal timing 
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and methods for introducing iron to breastfed infants, particularly in settings 

where dietary iron may be inadequate. 

The article also discusses the potential negative impacts of unabsorbed dietary 

iron on gut microbiota, a factor that complicates the discussion around iron 

supplementation. The authors suggest that while intermittent iron supplementation 

has been shown to improve hemoglobin concentrations and reduce anemia risk in 

children under 12 years, the specific side effects of iron supplementation in 

infants remain inadequately studied. This gap in research is particularly 

concerning given the delicate balance required to enhance iron status without 

adversely affecting gut health. 

Moreover, the authors touch upon the implications of malaria in regions where 

iron supplementation is considered. They note that maternal immunity to malaria 

diminishes around three months of age, which could pose additional risks when 

administering iron supplements in malaria-endemic areas. However, they 

reference a 2016 Cochrane review indicating that when malaria prevention and 

management services are adequately provided, iron supplementation does not 

significantly increase the risk of clinical malaria. This finding is crucial for 

guiding public health recommendations in such settings. 

The article concludes by suggesting that the World Health Organization (WHO) 

may favor the use of multiple micronutrients (MMNs) containing iron over iron-

folic acid (IFA) alone, especially in regions where the benefits of supplementation 

outweigh potential risks. While there is robust evidence supporting the positive 

effects of maternal MMN supplementation during pregnancy on various birth 

outcomes, the direct impact on infant iron status remains inconclusive. 

CONCLUSION

The literature surrounding low-dose iron supplementation in breastfed infants 

presents a multifaceted view of its implications for early development. The 

foundational work by the systematic review conducted by (Long et al., 2012) 

emphasizes the critical role of iron in preventing iron deficiency anemia (IDA), 
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particularly in low birth weight infants. While the review establishes that iron 

supplementation can improve hematologic markers, it reveals a lack of 

corresponding benefits in growth or neurodevelopment, suggesting that the 

relationship between iron status and developmental outcomes is complex and 

warrants further investigation. 

Further insights are provided by , who underscore the significance of maternal 

iron supplementation during lactation. Their randomized controlled trial 

highlights the long-term behavioral and developmental consequences of early iron 

deficiency, advocating for early interventions to mitigate risks associated with 

IDA in low-income settings. This aligns with the findings of (K. McCarthy et al., 

2019), which indicate that long-term iron supplementation is more effective in 

improving iron status than short-term interventions, although concerns about iron 

overload remain inadequately addressed. 

In a critical exploration of excess iron supplementation, (A. McMillen et al., 

2022) reveal that excessive iron can disrupt cognitive development and growth, 

emphasizing the need for careful calibration of iron dosages. The study illustrates 

that high doses of iron can lead to increased oxidative stress and inflammation, 

further complicating the narrative surrounding supplementation practices. 

Moreover, (Stelle et al., 2023) highlight a significant gap in addressing iron 

deficiency in infants under six months, particularly in low-resource settings. Their 

findings indicate that nearly all exclusively breastfed infants by five months have 

serum iron levels below the clinical reference range, raising concerns about 

existing policies that may overlook this vulnerable group. The authors also 

caution against potential negative impacts of iron supplementation on gut 

microbiota, which adds another layer of complexity to the discussion. 

In conclusion, the reviewed literature collectively underscores the need for a 

nuanced approach to iron supplementation in breastfed infants. While iron is 

essential for preventing IDA and promoting health, the timing, dosage, and 

broader context of infant health must be carefully considered to optimize 
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developmental outcomes and avoid potential adverse effects. Further research is 

essential to clarify the relationships between iron supplementation, growth, 

neurodevelopment, and overall health in this vulnerable population. 
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